ABSTRACT Tri-trophic impacts of transgenic Bacillus thuringiensis (Bt) cotton GK12 and NuCOTN 99B were studied using a predator, the great lacewing Chrysopa pallens (Rambur), and its prey, the cotton aphid Aphis gossypii Glover, in laboratory feeding experiments. The parental nontransgenic cotton cultivar of GK12 was used as control. The predator was fed with uniform (aphids from a single cultivar) or mixed prey (aphids from the three cotton cultivars provided on alternate days). Mortality and development of the immature stages, pupal body mass, adult sex ratio, fecundity, and egg viability of C. pallens were measured. When fed GK12-originated aphid prey, pupal body mass of C. pallens was signiÞcantly higher than that of the control, more females emerged, and these females laid signiÞcantly more eggs. Other parameters were not impacted. Females emerging from larvae maintained on NuCOTN 99B-originated prey laid fewer eggs than those maintained on GK12. Other measurements did not differ signiÞcantly between the two Bt cotton cultivars. Compared with the control, mixed feeding signiÞcantly prolonged pupal development time and increased pupal body mass and percentage of females but did not affect other parameters. These results indicate that C. pallens is sensitive to aphid prey from different cotton cultivars. Transgenic Bt cotton GK12-originated aphid prey has no adverse impact on survival, development, and fecundity of C. pallens. Between the two Bt cotton cultivars, NuCOTN 99B-originated aphid prey provided to C. pallens in the larval stage may lower female fecundity. Mixed feeding of C. pallens with the two Bt cottonÐ originated prey and non-Bt prey may have some adverse impacts on pupal development.
Transgenic crops may have several types of environmental impacts (Wolfenbarger and Phifer 2000) , and some of the less obvious ones, such as indirect effects on beneÞcial organisms and on ecological interactions, are overlooked or understudied (Lö vei and Arpaia 2005) . Transgenic crops may have a direct toxicological effect on populations of nontarget organisms (Wolfenbarger and Phifer 2000, Obrycki et al. 2001) . They may also have indirect impacts on populations of species that depend on herbivores, if the latter has a lower density as a result of the transgenic crop ( Lö vei 2001) . Other indirect effects can emerge when predators consume prey that accumulate insecticidal proteins produced by the transgenic crop (Dutton et al. 2003) . The impact of transgenic plants on nontarget organisms has come under close scrutiny after reports of potential adverse effects on nontarget predators (Hilbeck et al. 1998 , 1999 , Birch et al. 1999 , Jørgensen and Lö vei 1999 , Ponsard et al. 2002 , Zhang et al. 2006 . For example, fecundity, egg viability, and longevity of the twospotted lady beetle (Adalia bipunctata L.) (Coleoptera: Coccinellidae) decreased signiÞcantly when fed on the green peach aphid [Myzus persicae (Sulzer)] (Homoptera: Aphididae) colonizing transgenic potatoes expressing snowdrop lectin (GNA) in leaves (Birch et al. 1999) . The ground beetle [Harpalus affinis (Schrank)] (Coleoptera: Carabidae) consumes less when feeding on bovine pancreatic trypsin inhibitor (BPTI)-fed cotton bollworm [Helicoverpa armigera (Hü bner)] (Lepidoptera: Noctuidae) (Jør-gensen and Lö vei 1999) .
In China, the only commercialized transgenic crop is transgenic Bt cotton. Bt cotton is genetically modiÞed to continuously produce an endotoxin from Bacillus thuringiensis variety kurstaki (Berliner) and thus can provide protection against lepidopteran pests (Perlak et al. 1990 ). In China, Bt cotton was developed in 1993 and was approved for commercialization in 1997 (Pray et al. 2001) . It can decrease the densities of cotton bollworm, H. armigera (Wu et al. 2002a) , reduce pesticide use, and increase production efÞciency (Huang et al. 2002) . Therefore, the adoption of transgenic cotton has been very rapid. Planting of Bt cotton has grown from 63,000 ha in 1998 to 3.5 million ha in 2006, which is equivalent to ϳ60% of the total cotton area in China (James 1998 (James , 2006 .
Although transgenic Bt cotton provides good control of cotton bollworm worldwide, it may also cause changes and rearrangements in the arthropod assemblages (Torres and Ruberson 2005) . In particular, the densities of some nontarget herbivores such as cotton aphid (Aphis gossypii Glover) (Homoptera: Aphididae) (Cui and Xia 1998 , Deng et al. 2003 , Men et al. 2003 , sucking bugs [Lygus lucorum Meyer-Dü r, Adelphocoris fasciaticollis Reuter and Adelphocoris lineolatus (Goeze)] (Hemiptera: Miridae) (Wu et al. 2002b) , and cotton whiteßy [Bemisia tabaci (Gennadius)] (Homoptera: Aleyrodidae) (Liu et al. 2002) have increased, which is likely associated with reduced insecticide use (Wu and Guo 2003) . These herbivores provide important food sources for predators in Bt cotton Þelds (Cui and Xia 1998). Therefore, further studies are warranted to clarify the impacts of transgenic Bt cotton on biological characteristics of predators through nontarget herbivores. Trace amounts of Bt toxins have been detected in cotton aphids feeding on Bt cotton cultivars (Zhang et al. 2006) . A prey-mediated effect of transgenic Bt cotton is thus possible and should be tested.
One group of major predators of aphids are lacewings (Neuroptera). Several species are common in agricultural Þelds worldwide (Szentkirályi 2001) , including cotton Þelds in China (Wu and Guo 2005) . The larvae, and often also the adults, are voracious predators, feeding on a wide range of small, soft-bodied arthropods (aphids, spider mites), as well as on eggs and young larvae of various species (Principi and Canard 1984) . Prey-mediated negative impacts on the larvae of the green lacewing, Chrysoperla carnea Stephens (Neuroptera: Chrysopidae), have been reported when consuming young Bt maizeÐfed Mediterranean climbing cutworm [Spodoptera littoralis (Boisduval)] (Lepidoptera: Noctuidae) larvae (Hilbeck et al. 1998) . Bt maizeÐfed cereal aphid (Rhopalosiphum padi L.) (Homoptera: Aphididae) prey has not generated such negative effects on C. carnea (Meier and Hilbeck 2001, Dutton et al. 2002) .
The great lacewing, Chrysopa pallens (Rambur) (Neuroptera: Chrysopidae), is a common, native species in China (Yang 1998) . In this paper, we evaluated the performance (mortality, development, and fecundity) of C. pallens consuming cotton aphids maintained on transgenic Bt, nontransgenic cotton cultivars. Most published feeding experiments using transgenic plants for tri-trophic interactions suffer from the unrealistic assumption of monophagous predator diet (Lö vei and Arpaia 2005) . Therefore, we also studied the effects of mixed feeding by C. pallens, using aphids from both Bt and non-Bt cotton cultivars. (Guo et al. 1995) , were provided by Liangshan Cotton Seed Company (Liangshan, Shandong Province, China). Seeds of Simian3, the nontransgenic parental cultivar of GK12, were provided by the Siyang Cotton Raw Material Farm (Siyang, Jiangsu Province, China).
Materials and Methods

Cotton
The study site was at the Nanpi Agricultural Research Station, Hebei Province, northcentral China (38Њ00Ј N, 116Њ70Ј E). The above cotton cultivars were planted on 26 April 2002, and ridges in the plots were covered with plastic Þlm. For each cotton cultivar, the plot was 2,000 m 2 (40 by 50 m). The width between two adjacent rows was 0.5 m, and the distance between two adjacent plants within the same row was 0.25 m. The plots were managed according to normal agronomic practices, including irrigation and hand weeding. There were four insecticide treatments to control Lygus lucorum during the season. Different insecticides were used for spraying: 0.36% aqueous solution of matrine (1,000ϫ dilution) was sprayed on 29 May and 5 and 20 July and a mixture of 10% methomyl WP (300 g/ha) and §-cypermethrin EC (1,000ϫ dilution) on 31 July.
Insect Artificial Diets and Their Preparation. Helicoverpa armigera larvae were kept on the artiÞcial diet described by Liang et al. (1999) . To make the diet, 15 g agar was mixed into 912 ml water in an aluminum pot and boiled on an electric cooker until the agar dissolved. Then, 1.8 g sorbic acid, 1.8 g methyl p-hydroxybenzoate (Nipagin), 18 ml 4 mol/L KOH, 40 ml 16.67% CH 3 COOH, and 15 ml 10% HCHO were added and stirred in for a few seconds. Afterward, 200 g dried maize powder, 100 g dried soybean powder, 90 g dried brewers yeast, and 50 g reÞned sucrose were added and stirred thoroughly. The pot was removed from the electric cooker, and the mixture was stirred continuously until cooling to 60ЊC. Immediately, 6.2 g vitamin C and 15 ml vitamin complex solution (including 45.84 mg vitamin B 5 , 45.75 mg vitamine B 3 , 22.92 mg vitamin B 2 , 11.46 mg vitamin B 1 , 11.46 mg vitamin B 6 , 11.46 mg vitamin B C , 9.15 mg vitamin H, and 0.09 mg vitamin B 12 ) were added and stirred to mix thoroughly. The compound diet was poured into an autoclaved porcelain tray to set. The diet in the tray was covered by plastic Þlm and kept at 4ЊC for up to 1 wk.
ArtiÞcial diet for the predaceous great lacewing C. pallens adults was a mixture of dried brewers yeast and reÞned sugar at a ratio of 3:1. The diet was kept in an autoclaved airtight plastic container at 4ЊC for up to 3 mo. To feed the lacewing adults, the diet mixture was sprinkled on a piece of cardboard paper (3 by 4 cm) moistened with 10% honey solution.
Insect Species. Late-instar larvae of H. armigera were collected from winter wheat Þelds near Nanpi Agricultural Research Station in mid-May 2002 and were reared in the laboratory for two generations before the start of the experiment. Larvae were kept individually in glass tubes (2 cm in diameter, 8 cm high) with fresh artiÞcial diet provided every 4 d. Adults were mass-reared in wood-framed boxes (20 by 20 by 20 cm, covered with iron net), and fed with a 10% honey solution soaked in absorbent cotton balls. A piece of autoclaved gauze was put on the box top and changed daily to collect H. armigera eggs. The gauze with eggs was kept in a plastic petri dish (9 cm in diameter, 1 cm high) until emergence. The insect culture was held in a controlled environment insectary at 28 Ϯ 2ЊC and 16-h:8-h L:D photoperiod. Humidity was not controlled precisely, but sufÞcient humidity was maintained by daily water sprays in the room.
During early to late August, naturally occurring apterous A. gossypii on the top third of cotton leaves were collected daily from respective cotton plots and supplied for the tri-trophic feeding experiments.
Late-instar larvae of C. pallens were collected from weedy strips near the three cotton plots during middle to late May and were reared in the laboratory for two generations before the start of the experiments. Larvae were caged individually in cylindrical transparent plastic tubes (2 cm in diameter, 8 cm high) and fed with bean aphids, Aphis medicaginis Matsumura. The prey was changed daily until the larvae pupated. Freshly emerged adult pairs were caged in transparent cylindrical plastic cups (8 cm in diameter, 10 cm high) with artiÞcial diet and water supplied by a piece of moistened sponge. The cup top was covered with muslin to allow ventilation. The cups were checked daily, and the eggs on the cups, the muslin covers, and the cardboard were removed, put in a petri dish, and allowed to hatch in the insectary (see above).
Herbivore Bioassays with Transgenic Bt Cotton Leaves. To conÞrm the biological activity of the Bt cotton cultivars on susceptible target species, bioassays were conducted on H. armigera in the insectary (see above). Neonate H. armigera larvae (Ͻ12 h) were reared individually in plastic petri dishes (5 cm in diameter, 1 cm high), and were offered a piece of leaf from the top third of the plant from the respective cotton cultivars. The larvae were checked daily for mortality and exuviation, and fresh cotton leaves were provided to the survivors. On the sixth day, body masses of the surviving larvae were measured on a balance (0.1-mg precision), and the trial was terminated. Twenty H. armigera larvae were tested per cotton cultivar. Mortality was calculated as [(number of dead/number of tested) ϫ 100%]. Bioassays were replicated three times and were performed concurrently with the C. pallens feeding experiments.
Tri-Trophic Feeding Experiment. This experiment was carried out during the cotton blossoming and bolling stages, and the entire experiment was repeated three times starting on 23, 25, and 27 July, respectively. Larval Development. Neonate (Ͻ12 h) chrysopid larvae were reared individually in plastic petri dishes (5 cm in diameter, 1 cm high). Prey for chrysopid larvae were A. gossypii collected from Simian3 (non-Bt control), GK12, and NuCOTN 99B cotton plants, respectively. The mixed feeding group received GK12, NuCOTN 99B, and Simian3-originated A. gossypii, which were changed on alternate days. This treatment therefore received two thirds of the prey from Bt plants and one third from non-Bt plants. Occasional observations did not indicate discrimination in the mixed feeding treatment. Larvae were provided with ad libitum prey, according to their size and instar. Prey was offered on cotton leaves and was replaced daily; the petri dish was changed every 3 d. Stage-speciÞc mortality and development time were recorded. Pupal body mass was measured on the second day after pupation. Larvae from the same mother were allocated evenly to the four treatments. Experiments started with 20 neonate larvae per treatment.
Adult Fecundity. In each treatment, newly emerged C. pallens adults were sexed and paired. Percentage of females was calculated as [(number of females/number of emerged adults) ϫ 100%] for each replication. Each pair was reared in a plastic cup with artiÞcial diet and water (as described above). Insects were checked daily, and eggs and dead males were removed. The artiÞcial diet was replaced every 2 d, and the cup was changed weekly. The trial lasted until the female died. Preoviposition and oviposition periods, life span, and total number of eggs laid by the female C. pallens were recorded.
Egg Viability. On the Þfth day of the oviposition period, eggs laid by different females of the same treatment were mixed and allocated to four plastic petri dishes, with 8 Ð20 eggs per petri dish. The eggs were checked daily, and newly hatched larvae were removed. For each petri dish, observations were terminated when there was no hatch for 3 consecutive d. Egg viability was calculated as [(number of hatched/ number of tested) ϫ 100%].
Data Analysis. All data were tested for homogeneity of variance by BartlettÕs test and for outliers by DixonÕs test. If necessary, data were transformed before analysis. Data on mortality, percentage of females, and egg viability were arcsine-transformed. Data on development time, preoviposition period, oviposition period, and lifespan were log-transformed. Data on the number of eggs were square root-transformed (Sokal and Rohlf 1995) . Mortality and percentage of females data among treatments were compared by Scheffe test after one-way analysis of variance (ANOVA). Two or more means compared with the control was accomplished with the DunnettÕs test. Data on number of eggs and egg hatching rate were analyzed using twoway ANOVA (type III), with aphid origin and replication as factors. Other data were analyzed with threeway ANOVA (type III), with aphid origin, sex, and replication as factors. Multifactorial statistical models were reduced by stepwise deletion of nonsigniÞcant (P Ͼ 0.05) higher-order interaction terms. All chrysopid larvae and pupae, whether they survived to adults or not, were retained in the analysis. All calculations were made with the SPSS statistical package (Lu 2002) .
Results
Herbivore Bioassays with Transgenic Bt Cotton Leaves. Mortality of neonate H. armigera larvae feeding on GK12 or NuCOTN 99B plants over 5 d was signiÞcantly higher than that on the non-Bt control (DunnettÕs t-test; df ϭ 4; P Ͻ 0.001; Table 1 ). Mortality of H. armigera larvae fed on GK12 was signiÞcantly higher than that on NuCOTN99B (Scheffe test; df ϭ 4; P ϭ 0.009; Table 1 ). The larvae surviving on either Bt cotton cultivar were much smaller than those of the control (DunnettÕs t-test; GK12 versus control: df ϭ 17, P Ͻ 0.001; NuCOTN 99B versus control: df ϭ 23, P Ͻ 0.001; Table 1 ).
Effects of Bt Cotton on Mortality and Development of C. pallens. Larval mortality of C. pallens was not signiÞcantly affected by its aphid prey origin (ANOVA; F ϭ 1.486; df ϭ 3,8; P ϭ 0.290; Table 2 ). Aphid prey origin did not cause differences in mortality during the pupal stage (ANOVA; F ϭ 0.978; df ϭ 3,8; P ϭ 0.450; Table 2 ).
Larval development time of C. pallens was not affected by prey origin, experimental run, or sex. However, pupal body mass (three-way ANOVA; F ϭ 5.251; df ϭ 3; P ϭ 0.002) and pupal development time (threeway ANOVA; F ϭ 10.906; df ϭ 3; P Ͻ 0.001) were signiÞcantly affected by prey origin but not by experiment run and sex. There were no signiÞcant higherorder interactions among prey origin, experiment run, and sex. Therefore, pupal body mass, larval development time, and pupal development time data of different experiment runs and sexes were pooled and compared among prey origin only.
Aphid prey origin had no signiÞcant effect on larval development time of C. pallens (ANOVA; F ϭ 1.953; df ϭ 3,212; P ϭ 0.122; Table 2 ). However, it had a signiÞcant effect on pupal development time (ANOVA; F ϭ 6.021; df ϭ 3,183; P ϭ 0.001). Pupal development time of C. pallens in the mixed feeding treatment was signiÞcantly longer than for those fed as larvae with NuCOTN 99B or non-Bt originated aphids (Scheffe test; df ϭ 89; P ϭ 0.007 and df ϭ 92; P Ͻ 0.003, respectively) and longer than the GK12 treatment (df ϭ 90, P ϭ 0.054; Table 2 ). Pupal development times of C. pallens fed with the single aphid prey from non-Bt or either Bt source did not differ signiÞcantly (Table 2) .
SigniÞcant differences also were found in pupal body mass (ANOVA; F ϭ 9.672; df ϭ 3,212; P Ͻ 0.001). Predators feeding on aphids from non-Bt cotton had lower pupal mass than those fed with aphid prey originated on Bt cotton GK12 (DunnettÕs t-test; df ϭ 108; P ϭ 0.001) or on NuCOTN 99B (df ϭ 107; P Ͻ 0.001), or those with the mixed feeding (df ϭ 107; P Ͻ 0.001; Table 2 ). Pupal body mass did not differ significantly among the latter three treatments (Table 2) . c Mean Ϯ SD. Means within a column followed by the same letters are not signiÞcantly different at P Ͻ 0.05, tested by one-way ANOVA: Scheffe test. Before the ANOVA, data for larval and pupal development time were log-transformed, and percent female data were arcsinetransformed.
d Mixed feeding means cotton aphids from GK12, NuCOTN 99B, and Simian3 cotton plants were alternately supplied as prey.
Sex ratio of the four aphid origin treatments differed signiÞcantly (ANOVA; F ϭ 7.726; df ϭ 3,8; P ϭ 0.010). Compared with the non-Bt control, more females emerged from the GK12-originated A. gossypii treatment (DunnettÕs t-test; df ϭ 4; P ϭ 0.053; Table 2 ). When fed on NuCOTN 99B-originated aphids, newly developed C. pallens had a similar percentage of females as the control (DunnettÕs t-test; df ϭ 4; P ϭ 0.774) and the GK12 treatment (Scheffe test; df ϭ 4; P ϭ 0.311; Table 2 ). SigniÞ-cantly more females emerged in the mixed feeding treatment than in the control (DunnettÕs t-test; df ϭ 4; P ϭ 0.006), or in the group fed with NuCOTN 99B-originated A. gossypii (Scheffe test; df ϭ 4; P ϭ 0.047), but no such difference was observed in comparison to the GK12-group (Scheffe test; df ϭ 4; P ϭ 0.559; Table 2 ).
Effects of Bt Cotton on Oviposition and Egg Viability of C. pallens. Among the emerged females from each treatment per replication, there were three to Þve eggs laid during the trial. The preoviposition period, oviposition period, and lifespan of C. pallens females were not signiÞcantly affected by aphid origin during larval stage, experimental run, or by their interaction (Table 3) .
Number of eggs laid per female was signiÞcantly affected by aphid prey consumed during the larval stage (two-way ANOVA; F ϭ 11.415; df ϭ 3; P Ͻ 0.001), but not by experimental run or by their interaction. Thus, the data from different experiments were pooled and compared according to aphid origin only. When C. pallens larvae were fed with GK12-originated A. gossypii, female adults laid signiÞcantly more eggs during the duration of the experiment than the control (DunnettÕs t-test; df ϭ 22; P ϭ 0.001; Table 3 ). The GK12-females also laid signiÞcantly more eggs than those fed with NuCOTN 99B-originated aphid prey (Scheffe test; df ϭ 22; P Ͻ 0.001) or than females in the mixed feeding treatment (df ϭ 23; P Ͻ 0.001; Table 3 ). There was no signiÞcant difference between any other treatments.
Egg viability of C. pallens was not signiÞcantly affected by aphid origin during the larval stage, experimental run, or their interaction (Table 3) .
Discussion
Arthropod natural enemies are sensitive to both quantity and quality of their prey (Hajek 2004) . Plant traits can indirectly inßuence higher trophic levels by inßuencing prey composition and quality (Price et al. 1980) . As a new agricultural technology, pest-resistant transgenic plants, aiming at reducing the densities of certain phytophagous insects, have signiÞcant potential for causing tri-trophic effects by changing the occurrence, density, and quality of prey for natural enemies (Lö vei 2001).
There have been several studies addressing the ecological effects of insect-resistant transgenic Bt crops on important nontarget predators (Lö vei and Arpaia 2005), including ladybirds (Dogan et al. 1996 , Riddick and Barbosa 1998 , Birch et al. 1999 , lacewings (Hilbeck et al. 1998 , 1999 , Dutton et al. 2002 , and predatory Heteroptera (Zwahlen et al. 2000 , Al-Deeb et al. 2001 . Most of the quantiÞed parameters for predators indicate neutral impacts, but Ϸ30% of the parameters are negative (Lö vei and Arpaia 2005) .
Some Þeld surveys indicate that planting of transgenic Bt cotton effectively prevents cotton aphid (A. gossypii) resurgence in response to reduced insecticide use, increased beneÞcial insect populations, and improved natural pest control Guo 2003, 2005) . However, other studies showed that the density of A. gossypii can increase in Bt cotton Þelds (Cui and Xia 1998 , Deng et al. 2003 , Men et al. 2003 . The contradictory results might be related to the interaction of several factors, such as Bt cotton cultivar, geographic planting area, Þeld management, and survey method. A laboratory study showed no negative impacts of Bt cotton on life-table parameters, maximum fecundity, intrinsic rate of natural increase (r m ), or feeding behavior of A. gossypii (Liu et al. 2005) . Detactable amount of Bt toxins are present in A. gossypii feeding on Bt cotton cultivars (Zhang et al. 2006) . Bt toxin content in the tender tip of GK12 plants is 49.2 ng/g fresh mass, and 94.2 ng/g fresh mass in NuCOTN 33B, a cultivar with a similar genetic background to NuCOTN 99B. The Bt-content in GK12-fed A. gossypii is 6 ng/g fresh mass, and 4 ng/g fresh mass in NuCOTN 33B-fed A. gossypii (Zhang et al. 2006 ). Zhang et al. a There were three replications with three to Þve individuals per replication, for a total n ϭ 12 in all cases. b Mean Ϯ SD. Means within a column without accompanying letters are not signiÞcantly different at P Ͻ 0.05. Those followed by the same letters are not signiÞcantly different at P Ͻ 0.05, tested by one-way ANOVA: Scheffe test. Before the ANOVA, data for pre-oviposition period, oviposition period, and lifespan were log-transformed, data for no. of eggs laid per female were square root transformed, and data for egg hatching rate were arcsine-transformed.
c There were 12 replications (4 batches of 3). For each replication, there were 8 Ð20 eggs observed within one petri dish. d Mixed feeding means cotton aphids from GK12, NuCOTN 99B, and Simian3 cotton plants were alternately supplied as prey. (2006) (Hilbeck et al. 1998) . However, C. carnea is not negatively affected if it preys on Bt maizeÐfed cereal aphid (Rhopalosiphum padi L.) (Homoptera: Aphididae) (Lozzia et al. 1998 , Dutton et al. 2002 or Bt maizeÐfed twospotted spider mite (Tetranychus urticae Koch) (Arachnida: Acari: Tetranychidae) (Dutton et al. 2002) . These impacts on the biological parameters of C. carnea are not consistent with enzyme-linked immunoabsorbent assay (ELISA) results, which show the highest amounts of Cry1Ab toxin present in T. urticae (2.5 g/g fresh mass), followed by S. littoralis (0.72 g/g fresh mass), and only trace amounts in R. padi (20 ng/g fresh mass) (Dutton et al. 2002) . The inconsistency suggests that a combined interaction of poor prey quality and Cry1Ab toxin may account for the negative effects observed in C. carnea when fed S. littoralis (Dutton et al. 2002) . Hilbeck et al. (1999) found that development and mortality of C. carnea are impacted when the Cry1Ab toxin concentration in the host diet exceeds 100 g/g. Further study by Romeis et al. (2004) showed that C. carnea larvae are not sensitive to Cry1Ab when delivered in sugar solution, and they attributed the negative effects of Bt maize to prey quality rather than direct toxic effects. The divergent results in the various papers are probably caused by the different methods applied (Andow et al. 2006) . Romeis et al. (2004) exposed lacewing larvae to Cry1Ab only at the Þrst instar stage, whereas Hilbeck et al. (1999) exposed them during all of their juvenile development. Besides, Romeis et al. (2004) fed lacewing larvae with water plus Bt toxin, whereas Hilbeck et al. (1999) raised them on S. littoralis larvae that were fed various Bt proteinÐincorporated meridic diets. Because of the different protocols, these results cannot be compared directly.
In our study, non-negative effects of Bt cotton GK12-fed A. gossypii were observed in the survival, development, and fecundity of C. pallens. This suggests that, although Bt toxin can be detected in GK12-fed A. gossypii (Zhang et al. 2006) , such prey is still of good quality for C. pallens.
The two Bt cotton cultivars in our study showed different tri-trophic effects. Although most parameters of survival, development, fecundity, and egg viability of C. pallens did not differ signiÞcantly between the two treatments with different Bt cottonÐfed A. gossypii, NuCOTN 99B-originated aphid prey in the larval stage led to lower fecundity in the adult stage. The differential effects of Bt cottonÐfed aphids on C. pallens were probably caused by the variation in the primary or secondary metabolic compounds or both of the two Bt cotton cultivars, which were related to their different parental cultivars and their interaction with the inserted Bt gene. This is further proof that plant traits can indirectly inßuence higher trophic levels (Price et al. 1980) . Our results underline the importance of conducting speciÞc tests for different transgenic insect-resistant plant cultivars, because their impact on beneÞcial arthropods can be different.
To better simulate Þeld prey quality, we used Þeld-collected A. gossypii for the tri-trophic feeding experiment. We also considered mixed feeding of aphids originated on transgenic Bt cotton cultivars GK12 and NuCOTN 99B, and nontransgenic Simian3, to simulate the movement of C. pallens larvae within nearby cotton patches with different cultivars, which is common in Chinese small-producer agricultural systems (Yang et al. 2005) . Prey variability can have compensatory effects, and predators may actively seek different quality prey to achieve such compensation (Mayntz et al. 2005) . Our study showed that, although NuCOTN 99B-originated aphid prey resulted in a lower percentage of female C. pallens, the adverse impact compared with the GK12 treatment was eliminated by mixed feeding. However, reduced adult fecundity and egg viability were not compensated by mixed feeding.
